(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteDectual Properly 
Oi^anization 

International Bureau 



Mllllllllllllllllllllllllllllllllllllllllllli 



(43) International Publication Date 
8 July 2004 (08.07.2004) 



PCT 



(10) International Publication Number 

WO 2004/056465 Al 



(51) International Patent Classification'': 



(74) Agent: KEIL & SCHAAFHAUSEN; Cronstettenstrasse 
66, 60322 Frankfurt am Main (DE). 



(21) International Application Number: 



(22) International Filing Date: 

10 December 2003 (10.12.2003) 



(25) Filing Language: 

(26) Publication Language: 



PCT/EP2003/013982 (81) Designated States (national): AE, AG, AL, AM, AT, AU, 

AZ. BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, CO, CR, 
CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IN, IS, IP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, 
SC, SD, SE, SG, SK, SL, S Y, TI, TM, TN, TR, XT, TZ, UA, 
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 



English 
English 



(30) Priority Data: 

102 60 741.9 23 December 2002 (23.12.2002) DE 

(71) Applicant (for all designated States except US): OUT- 
: OKUMPU, Oyj [FI/H]; Riihitontuntie 7, FlN-02200 Es- 

! poo (Fl). 



(84) Designated States (regional): ARIPO patent (BW, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, Tl, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, 
SI, SK, TR), OAPl patent (BF, BJ, CF, CG, CI, CM, GA, 
GN, GQ, GW, ML, MR, NE, SN, TD, TG). 



I (72) Inventors; and 

1 (75) Inventors/Applicants (for US only): NUBER, Dirk 
i [DE/DE]; Haingrabenstrasse 26, 60488 Frankfurt am 
1 Main (DE). STOCKHAUSEN, Werner [DE/DE] ; An dcr 
I Bleiche 4, 61118 Bad Vilbel (DE). STRODER, Michael 
I [DE/DE]; Diirerstrasse 77, 61267 Neu-Anspach (DE). 



Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



I (54) Title: METHOD AND APPARATUS FOR HEAT TREATMENT IN A FLUIDIZED BED 



IT) 




(57) Abstract: The present invention relates to a method for the heat treatment of fine-grained solids, in particular gypsum, in which 
the sohds are heated to a temperature of 50 to 1000 °C in a fluidized bed reactor (1), and to a corresponding plant. To improve the 
energy utilization, it is proposed to introduce a first gas or gas mixture from below through a preferably central gas supply tube (3) 
into a mixing chamber (21) of the reactor (1), the gas supply tube (3) being at least partly surrounded by a stationary annular fluidized 

^ bed (2) which is fluidized by supplying fluidizing gas, and to adjust the gas velocities of the tirst gas or gas mixture as well as of the 
fluidizing gas for the annular fluidized bed (2) such that the particle Froude numbers in the gas supply tube (3) are between 1 and 

1^ 100, in the annular fluidized bed (2) between 0.02 and 2 and in the mixing chamber (21) between 0.3 and 30. 



wo 2004/056465 



PCT/EP2003/013982 



-1 - 



METHOD AND APPARATUS FOR HEAT TREATMENT IN A FLUIDISED BED 



5 Technical Field 

The present invention relates to a method for the heat treatment of fine-grained 
solids, In particular gypsum, in which the solids are heated to a temperature of 
50 to 1000 °C in a fluidized bed reactor, and to a corresponding plant. 

10 

Such methods and plants are used for instance in the calcining of gypsum to 
form water-free anhydrite. Previously, venturi fluidized beds or fluidized beds 
with a ceramic perforated bottom were used for this as air distributors. However, 
this only allowed a small regulating range. In part-load operation or when shut- 
15 ting down the plant, there is also the risk that, in spite of the sophisticated me- 
chanical feature of the perforated bottom, the fine-grained solids fall through the 
grating. 

Reactors with either a stationary fluidized bed or a circulating fluidized bed are 
20 generally l<nown for the heat treatment of solids. However, the energy utilization 
of the calcining step achieved when using a stationary fluidized bed is in need of 
improvement. A particular reason for this is that the mass and heat transfer is 
rather moderate on account of the comparatively low degree of fluidization. 
Furthermore, pre-heating of the solids can hardly be integrated in a suspension 
25 heat exchanger, because dust-laden gases are rather not admitted to the fluidi- 
zing nozzles of the stationary fluidized bed. Due to the high degree of fluidizati- 
on, circulating fluidized beds on the other hand have better conditions for a 
mass and heat transfer and allow the integration of a suspension heat ex- 
changer, but are restricted in terms of their solids retention time due to the high 
30 degree of fluidization. 
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Description of the Invention 

Therefore, it is the object of the present invention to improve the heat and mass 
transfer conditions in the heat treatment of fine-grained solids. 

In accordance with the invention, this object is achieved by a method as initially 
mentioned in which a first gas or gas mixture is introduced from below through a 
preferably centrally arranged gas supply tube (central tube) into a mixing cham- 
ber of the reactor, the central tube being at least partly surrounded by a station- 
ary annular fluidized bed which is fluidized by supplying fluidizing gas, and in 
which the gas velocities of the first gas or gas mixture as well as of the fluidizing 
gas for the annular fluidized bed are adjusted such that the particle Froude 
numbers in the central tube are between 1 and 100, in the annular fluidized bed 
between 0.02 and 2 and in the mixing chamber between 0.3 and 30. 

In the method of the invention, the advantages of a stationary fluidized bed, 
such as a sufficiently long solids retention time, and the advantages of a circular 
fluidized bed, such as a good mass and heat transfer, can surprisingly be com- 
bined with each other during the heat treatment, while the disadvantages of both 
systems are avoided. When passing through the upper region of the central tu- 
be, the first gas or gas mixture entrains solids from the annular stationary fluidi- 
zed bed, which is referred to as the annular fluidized bed, into the mixing cham- 
ber, so that, due to the high slip velocities between the solids and the first gas, 
an intensively mixed suspension is formed and an optimum heat and mass 
transfer between the two phases is achieved. By correspondingly adjusting the 
bed height in the annular fluidized bed as well as the gas velocities of the first 
gas or gas mixture and of the fluidizing gas, the solids load of the suspension 
above the orifice region of the central tube can be varied within wide ranges, so 
that the pressure loss of the first gas between the orifice region of the central 
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tube and the upper outlet of the mixing chamber can be between 1 mbar and 
100 mbar. In the case of high solids loading of the suspension in the mixing 
chamber, a large part of the solids will separate out from the suspension and fall 
back into the annular fluidized bed. This recirculation is called internal solids 
5 recirculation, the stream of solids circulating in this internal circulation normally 
being significantly larger than the amount of solids supplied to the reactor from 
outside. The (smaller) amount of not precipitated solids is discharged from the 
mixing chamber together with the first gas or gas mixture. The retention time of 
the solids in the reactor can be varied within a wide range by the selection of the 

10 height and cross-sectional area of the annular fluidized bed and be adapted to 
the desired heat treatment. Due to the high solids loading on the one hand and 
the good suspension of the solids in the gas stream on the other hand, excellent 
conditions for good mass and heat transfer are obtained above the orifice region 
of the central tube. The amount of solids entrained from the reactor with the gas 

15 stream is completely or at least partly recirculated to the reactor, with the recir- 
culation expediently being fed into the stationary fluidized bed. The stream of 
solids thus recirculated to the annular fluidized bed normally lies in the same 
order of magnitude as the stream of solids supplied to the reactor from outside. 
Apart from the excellent utilization of energy, another advantage of the method 

20 in accordance with the invention consists in the possibility of quickly, easily and 
reliably adjusting the transfer of energy of the method and the mass transfer to 
the requirements by changing the flow velocities of the first gas or gas mixture 
and of the fluidizing gas. 

25 To ensure a particularly effective heat transfer in the mixing chamber and a suf- 
ficient retention time in the reactor, the gas velocities of the first gas mixture and 
of the fluidizing gas are preferably adjusted for the fluidized bed such that the 
dimensionless particle Froude numbers (Frp) are 1.15 to 20 in the central tube, 
0.115 to 1.15 in the annular fluidized bed and/or 0.37 to 3.7 in the mixing cham- 

30 ber. The particle Froude numbers are each defined by the following equation: 
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u 



Pf 



g 



With 



u = effective velocity of the gas flow in m/s 

ps = density of a solid particle in kg/m3 

pf = effective density of the fluidizing gas in kg/m3 

dp = mean diameter in m of the particles of the reactor inventory (or the 

particles forming) during operation of the reactor 
g = gravitational constant in m/s^. 

When using this equation it should be considered that dp does not indicate the 
mean diameter (dgo) of the material used, but the mean diameter of the reactor 
inventory formed during the operation of the reactor, which can differ significant- 
ly in both directions from the mean diameter of the material used (primary partic- 
les). It is also possible for particles (secondary particles) with a mean diameter 
of 20 to 30 i^m to be formed for instance during the heat treatment from very 
fine-grained material with a mean diameter of, for example, 3 to 10 On the 
other hand, some materials, for example ores, are decrepitated during the heat 
treatment. 

In a development of the idea of the invention, it is proposed to adjust the bed 
height of solids in the reactor such that the annular fluidized bed at least partly 
extends for example beyond the upper orifice end of the central tube by a few 
centimetres, and thus solids are constantly introduced into the first gas or gas 
mixture and entrained by the gas stream to the mixing chamber located above 



wo 2004/056465 



PCT/EP2003/013982 



-5- 



the orifice region of the central tube. In this way, there is achieved a particularly 
high solids loading of the suspension above the orifice region of the central tube. 

With the method in accordance with the invention, in particular moist gypsum, 
such as for example REA gypsum, can be subjected to effective heat treatment, 
in order In particular to obtain anhydrous forms of gypsum. The method is par- 
ticularly suited for producing anhydrite by calcining. The moist gypsum used 
has in this case a fine granulation, the grain size of at least the majority of the 
solids generally being less than 2 mm. A particularly effective heat treatment 
can be achieved in the case of a grain size of less than 0.2 mm. Further appli- 
cation possibilities for the method lie in the pre-heating and/or calcining of ores 
and mineral raw materials in an oxidizing atmosphere at temperatures up to a 
maximum of approximately 1000°C, if internal combustion Is ruled out, and in 
the calcining of clay minerals at about 800°C. At temperatures up to about 
750°C, the method in accordance with the invention can also be used for pro- 
ducing transitional hydrates or oxides from aluminium hydroxide. 

The generation of the amount of heat necessary for the operation of the reactor 
can be effected in any way known to the expert for this purpose, for example 
including by internal combustion In the reactor. To be able to use the method in 

accordance with the invention also for pre-heating and calcining at temperatures 
of for example approximately 750°C, at which an internal combustion of fuel in 
the reactor itself is not possible, the invention proposes the use of an external 
combustion chamber for generating the necessary process heat and a heat 
transfer to the material (for example gypsum) to be treated in the reactor with 
the annular fluidized bed. For this purpose, the reactor is supplied via the cen- 
tral tube with hot gas, which is generated in the upstream combustion chamber 
by burning supplied gaseous, liquid and/or solid fuel, possibly with the admixture 
of gas containing oxygen. Depending on the necessary oxygen content, air or 
some other oxygen-containing gas, for example with an oxygen content of 15 to 
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30%, may be admixed. Of course it is also possible to generate only part of the 
energy demand by burning fresh fuel and to cover the remaining part by supply- 
ing hot, fuel-free exhaust gases from a downstream stage of the process, for 
example cooling, or other parallel processes. If the temperatures of the exhaust 
5 gases from downstream or parallel stages of the process are adequately high, 
just these exhaust gases can also be used for heating the reactor. This is pos- 
sible in particular whenever only low reactor temperatures are required, for ex- 
ample for drying. In this case, it is also possible to dispense entirely with inter- 
nal combustion or an upstream combustion chamber. 

10 

Depending on the process taking place in the reactor, the process temperature 
may lie between 50 and 1000°C. In the lower temperature range from 50°C, in 
particular from approximately 80°C, the annular fluidized bed reactor may also 
be used only for drying material. In this case, the temperatures must not exceed 
1 5 an upper limit value, from which the heat-treated material undergoes a chemical 
reaction. In a common form of the method, a temperature range between 150 
and 1000°C is used, for example in the case of calcining. 

Air is preferably supplied to the reactor as the gas for fluidizing the annular fluid- 
20 ized bed, it of course also being possible for all other gases or gas mixtures 
known for this purpose to an expert to be used for this purpose. It may also be 
advantageous to compress dedusted and/or cooled exhaust gas from down- 
stream stages of the process or other parallel processes such that it can be 
used as fluidizing gas for the annular fluidized bed. 

25 

It has turned out to be advantageous to operate the reactor at a pressure of 0.8 
to 10 bar and particularly preferably at atmospheric pressure. 

The reactor may be provided upstream with one or more pre-heating stages, in 
30 which the solids, for example the moist gypsum, are suspended, dried, pre- 
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heated and/or partly calcined in a pre-heating stage before the heat treatment in 
the reactor, at least part of the moisture content of the solids being removed. 
The reactor is preferably provided upstream with two pre-heating stages, re- 
spectively comprising a heat exchanger and a downstream separator, the mate- 
rial in the first heat exchanger being heated up by exhaust gas from the second 
heat exchanger and the material in the second heat exchanger being heated up 
by exhaust gas from the reactor. Both heat exchangers are preferably suspen- 
sion heat exchangers. In this way, the overall energy demand of the process is 
further reduced. 

In accordance with the method according to the invention, after the heat treat- 
ment in the reactor, the product from the annular fluidized bed of the reactor 
and/or a separator provided downstream of the reactor is at least partly supplied 
to a cooling system, which comprises in particular an arrangement of a number 
of cooling stages connected one after the other. In the separator, in particular a 
cyclone provided downstream of the reactor, the solids (product) discharged 
with the gas stream passing through the central tube are separated. They are 
then either supplied directly to a cooling stage for further treatment or returned 
via a solids return conduit into the annular fluidized bed of the reactor, it also 
being possible for part of the solids separated in the separator to reach the cool- 
ing system and the remaining part to return to the annular fluidized bed. A ma- 
jor advantage of this flexible solids recirculation is that the solids loading of the 
suspension in the region of the mixing chamber of the reactor can be deliber- 
ately adjusted to the requirements of the process and even changed as and 
when required during operation. 

For adjusting the recirculation of the solids, in a development of the idea of the 
invention it has proven to be advantageous to measure the pressure loss be- 
tween the central tube and the discharge conduit of the reactor, leading to the 
separator, and to regulate it by varying the amount of solids recirculated. A flu- 
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idized intermediate container witli a downstream dosing device, for instance a 
variable-speed rotary-vane feeder or a roller-type rotary valve, has turned out to 
be particularly advantageous for this, it being possible for the solids not needed 
for recirculation to be discharged for example by means of an overflow and 
passed to the cooling system. The solids recirculation contributes in a simple 
way to keeping the process conditions constant in the reactor and/or adjusting 
the mean retention time of the solids in the reactor. 

Gentle cooling of the product with a high heat transfer can be achieved in the 
cooling system if the product to be cooled forms at least In one cooling stage, 
preferably the last cooling stage of the cooling system, at least one, in particular 
stationary, fluidized bed, in which it is cooled by a fluidizing gas such as air. 
Especially in a stationary fluidized bed, a long retention time, and consequently 
effective cooling, of the product can be achieved by the, for example pre-cooled, 
fluidizing gas in a comparatively simple manner. Moreover, the mechanical 
loading of the product is comparatively low in a stationary fluidized bed. If, 
however, particularly rapid cooling is to take place, a cooling stage with a sta- 
tionary fluidized bed and a mixing chamber, for instance corresponding to the 
reactor described above, may also be used. Consequently, the principle ac- 
cording to the invention of combining a stationary and a circular annular fluidized 
bed in accordance with the present invention can be used both for heating and 
cooling fine-grained solids. Cooling occurs when the solids are warmer than the 
gas stream passing through the central tube, at the beginning of the process. 
Additional cooling can be achieved by a cooling coil with cooling medium, for 
example water, formed in particular within the stationary annular fluidized bed. 

For improved energy utilization, it is provided that the gas which is used for cool- 
ing in a cooling stage, and is thereby heated, is supplied to an upstream cooling 
stage, the reactor, the combustion chamber and/or a pre-heating stage. It is 
conceivable to pass the gas through a number of, or all of the preceding cooling 
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stages in a cascading manner, beginning witli the last cooling stage, in which 
the product to be cooled has already been pre-cooled by preceding cooling 
stages. Since the product in the preceding cooling stages Is still warnner in each 
case, It is further cooled in each of the cooling stages and the gas used for the 
5 cooling Is further heated. Finally, the heated gas can then be supplied to the 
combustion chamber, the reactor and/or a pre-heating stage. 

A plant in accordance with the invention, which is in particular suited for perfor- 
ming the method described above, has a reactor constituting a fiuidized bed 

10 reactor for the heat treatment of fine-grained solids, in particular gypsum, the 
reactor having a gas supply system which is formed such that gas flowing 
through the gas supply system entrains solids from a stationary annular fluldlzed 
bed, which at least partly surrounds the gas supply system. Into the mixing 
chamber. Preferably, this gas supply system extends into the mixing chamber. 

15 It is, however, also possible to let the gas supply system end below the surface 
of the annular fiuidized bed. The gas is then introduced into the annular fiuidi- 
zed bed for example via lateral apertures, entraining solids from the annular fiui- 
dized bed Into the mixing chamber due to Its flow velocity. 

20 In accordance with the invention, the gas supply system preferably has a central 
tube extending upwards substantially vertically from the lower region of the reac- 
tor, preferably into the mixing chamber of the reactor, which tube is sun-ounded 
by a chamber which extends at least partly around the central tube and in which 
the stationary annular fiuidized bed is formed. The central tube may be formed 

25 at its outlet opening as a nozzle and/or have one or more distributed apertures 
in its shell surface, so that during the operation of the reactor solids constantly 
get Into the central tube through the apertures and are entrained by the first gas 
or gas mixture through the central tube into the mixing chamber. Of course, two 
or more central tubes with different or Identical dimensions and shapes may also 

30 be provided In the reactor. Preferably, however, at least one of the central tubes 
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is arranged approximately centrally with reference to the cross-sectional area of 
the reactor. 

In accordance with a preferred embodiment, a separator, in particular a cyclone, 
is provided downstream of the reactor, for the separation of solids, the separator 
having a solids conduit leading to the annular fluidized bed of the reactor and/or 
a solids conduit leading to the cooling system. In order also to be able to re- 
move the finished product directly from the reactor, a solids conduit leading from 
the annular fluidized bed to the cooling system is further provided in accordance 
with the invention. 

To provide for a reliable fluidization of the solids and the formation of a stationa- 
ry fluidized bed, provided in the annular chamber of the reactor is a gas distribu- 
tor which divides the chamber into an upper annular fluidized bed and a lower 
gas distributor chamber, the gas distributor chamber being connected to a 
supply conduit for fluidizing gas. Instead of the gas distributor chamber, a gas 
distributor composed of tubes and/or nozzles may also be provided. 

For adjusting the necessary process temperatures in the reactor, provided 
upstream of the latter is a combustion chamber with supply conduits for fuel, 
oxygen and/or heated gas, the exhaust gas of which is passed into the central 
tube for heating the reactor. 

Arranged behind the reactor is a cooling system, comprising direct and/or indi- 
rect cooling stages, in particular cooling cyclones and/or fluidized bed coolers. 
In the case of the direct cooling stages, the cooling medium comes directly into 
contact with the product to be cooled. In this case, other desired reactions, for 
example product refinements, can also be carried out during the cooling pro- 
cess. Moreover, the cooling action is particularly good in the case of direct coo- 
ling stages. In the case of indirect cooling stages, the cooling takes place by 
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means of a cooling medium flowing through a cooling coil. In order to be able 
also to utilize the gas heated during the cooling in the process itself, a cooling 
stage has at least one supply conduit leading Into a pre-heating stage, into the 
mixing chamber, into the gas distributor chamber and/or into the combustion 
5 chamber. 

In the annular fluidized bed and/or the mixing chamber of the reactor, means for 
deflecting the solids and/or fluid flows may be provided in accordance with the 
invention. It is for instance possible to position an annular weir, whose diameter 

10 lies between that of the central tube and that of the reactor wall, in the annular 
fluidized bed such that the upper edge of the weir protrudes beyond the solids 
level obtained during operation, whereas the lower edge of the weir is arranged 
at a distance from the gas distributor or the like. Thus, solids raining out of the 
mixing chamber in the vicinity of the reactor wall must first pass by the weir at 

15 the lower edge thereof, before they can be entrained by the gas flow of the cent- 
ral tube back into the mixing chamber. In this way, an exchange of solids is en- 
forced in the annular fluidized bed, so that a more uniform retention time of the 
solids in the annular fluidized bed is obtained. 

20 Developments, advantages and application possibilities of the Invention also 
emerge from the following description of exemplary embodiments and the dra- 
wings. All features described and/or illustrated in the drawing form the subject- 
matter of the invention per se or in any combination, independently of their inc- 
lusion in the claims or their back-reference. 

25 

Brief Description of the Drawings 

Fig. 1 shows a process diagram of a method and a plant in accordance 
with a first exemplary embodiment of the present invention; 



30 
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Fig. 2 shows a process diagram of a method and a plant in accordance 
with a second exemplary embodiment of the present invention. 

Detailed Description of the Preferred Embodiments 

The plant and the method for the heat treatment of solids, such as for example 
gypsum, are firstly described generally on the basis of Fig. 1 to explain the func- 
tional principle according to the invention. 

For the heat treatment, in particular calcining, of solids, the plant has a reactor 
1 , which is cylindrical for example, with a central tube 3, which is arranged ap- 
proximately coaxially with the longitudinal axis of the reactor and extends sub- 
stantially vertically upwards from the bottom of the reactor 1 . Provided in the 
region of the bottom of the reactor 1 is an annular gas distributor 36, into which 
supply conduits 27 and 37 open out. Arranged in the vertically upper region of 
the reactor 1, which forms a mixing chamber 21, is a discharge conduit 4, which 
opens out into a separator 5 formed as a cyclone. 

If solids are then introduced into the reactor 1 via the solids conduit 9, a layer 
annularly surrounding the central tube 3, which is referred to as an annular fluid- 
ized bed 2, forms on the gas distributor 36. Both the reactor 1 and the central 
tube 3 may of course also have a cross section other than the preferred round 
cross section, as long as the annular fluidized bed 2 at least partly surrounds the 
central tube 3. Fluidizing gas introduced through the supply conduit 27, 37 flows 
through the gas distributor 36 and fluidizes the annular fluidized bed 2, so that a 
stationary fluidized bed is formed. The gas distributor 34 is preferably formed 
for this purpose as a nozzle grating with a relatively large number of individual 
nozzles, which are connected to the supply conduits 27, 37. In a more simple 
embodiment, the gas distributor 36 may also be formed as a grating with a gas 
distributor chamber located under it. The velocity of the gases supplied to the 
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reactor 1 is then adjusted such that the particle Froude number in the annular 
fluidized bed 2 is approximately 0.3. 

By supplying further solids into the annular fluidized bed 2, the level of the solids 
5 in the reactor 1 increases to the extent that solids reach the orifice of the central 
tube 3. At the same time, a hot gas or gas mixture, which is generated in an 
upstream combustion chamber 26 by burning gaseous, liquid or solid fuels, is 
introduced into the reactor 1 through the central tube 3. The velocity of the hot 
gas supplied to the reactor 1 through the central tube 3 is preferably adjusted 
10 such that the particle Froude number in the central tube 3 is approximately 10 
and in the mixing chamber 21 is approximately 3.0. 

Due to banking of the level of the solids of the annular fluidized bed 2 as com- 
pared to the upper edge of the central tube 3, solids flow over this edge into the 

15 central tube 3. The upper edge of the central tube 3 may be straight or differ- 
ently shaped, for example indented, or have lateral apertures. Due to the high 
gas velocities, the gas flowing through the central tube 3 entrains solids from the 
stationary annular fluidized bed 2 into the mixing chamber 21 when passing 
through the upper orifice region, whereby an intensively mixed suspension is 

20 formed. The intensive mass and heat transfer between the gas stream and the 
solids in the mixing chamber 21 has the effect that the previously colder solids 
are heated particularly well by the warmer gas stream and the gas stream is 
thereby cooled. If the solids are warmer than the gas stream, a cooling of the 
solids takes place in a way corresponding to the principle according to the 

25 invention. 

As a result of the reduction of the flow velocity by the expansion of the gas jet In 
the mixing chamber 21 and/or by impingement on one of the reactor walls, the 
entrained solids quickly lose speed and partly fall back again into the annular 
30 fluidized bed 2. Between the reactor regions of the stationary annular fluidized 
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bed 2 and the mixing cfiamber 21 tliere is tliereby obtained a solids circulation. 
Due to this solids circulation, the solids to be treated circulate for a particularly 
long time in the reactor 1 , it being possible at the same time to utilize the very 
good heat transfer in the mixing chamber 21 . 

5 

The solids not precipitated from the gas stream above the central tube 3 in the 
mixing chamber 21 and returned directly into the annular fluidized bed 2 are dis- 
charged with the hot gas stream from the reactor 1 upwards through a discharge 
conduit 4, separated from the gas stream in a separator 5 formed as a cyclone 
10 and at least partly returned into the annular fluidized bed 2 through the solids 
return conduit 6. 

The solids to be treated are thus in total returned into the annular fluidized bed 2 

in two ways: after separation from the gas stream in the mixing chamber 21 and 
15 after separation in the separator 5 through the solids return conduit 6. 

The heat content of the gas stream leaving the separator 5 is utilized in a multi- 
stage, in the present case two-stage, system of pre-heating stages 32, 33, 
which are composed of heat exchangers 40, 10 with downstream separators 12, 

20 8. In this case, the solids to be treated are supplied as raw material to the last 
heat exchanger 10 on the exhaust gas side, formed as a venturi dryer. There, 
the supplied solids are suspended in the exhaust gas of the separator 8 of the 
upstream (second-last) pre-heating stage 32, dried, pre-heated and passed 
through a solids conduit 11 to the separator 12. The solids separated there are 

25 supplied through a solids conduit 1 3 to the heat exchanger 40 of the second-last 
pre-heating stage 32, while the exhaust gas escapes. The solids are then sus- 
pended by the exhaust gas leaving the separator 5, further pre-heated and sup- 
plied through the solids conduit 7 to the separator 8. The pre-heated solids 
separated there are supplied through the solids conduit 9 to the annular fluidized 



wo 2004/056465 



PCT/EP2003/013982 



-15- 



bed 2 of the reactor 1 , with the exhaust gas of the separator 8 in turn being 
passed to the last pre-heating stage 33. 

After the heat treatment in the reactor 1, the amount of product, corresponding 
5 to the amount of solids to be treated and introduced into the venturi dryer 10, is 
supplied to a cooling system 34 either directly from the annular fluidized bed 2 
through the product supply conduit 14 or from the solids return conduit 6 through 
the product supply conduit 15. This cooling system 34 comprises an arrange- 
ment of direct and/or indirect cooling stages 35, 19 with heat exchangers, for 
10 example cooling cyclones or fluidized bed coolers, by which air required in the 
process is pre-heated and product heat no longer usable in the process is re- 
moved. The selection of the type and number of the individual cooling stages 
35, 19 or their cooling units depends substantially on the ratio of the amount of 
air required in the process to the amount of product to be cooled. 

15 

In the first cooling stage 35, the product to be cooled is supplied to a rising con- 
duit 16 through the product supply conduits 14, 15. In this rising conduit 16 and 
the following cooling cyclone 17, the product is cooled, then separated and sup- 
plied to a multi-stage fluidized bed cooler 19 through a solids conduit 18. The 

20 air required as fluidizing gas for the fluidized bed cooler 19 is supplied to the 
individual stages of the fluidized bed cooler 19 through an air conduit 20 con- 
nected to a blower, is heated there during the cooling of the product and is 
passed through the rising conduit 16 to the cooling cyclone 17. In the rising 
conduit 16, this fluidizing air is further heated, with the product being cooled. 

25 Here, the heated air of the second cooling stage 19 is thus passed to the first 
cooling stage 35. After the dedusting in the cyclone 17, the heated air (fluidizing 
air) is either directed through supply conduit 22 into the reactor 1 or through 
supply conduit 41 into the heat exchanger 40 formed as a venturi pre-heater. 
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In the multi-stage fluidized bed cooler 19, the product is firstly cooled in one or 
more stages in counter-current to the combustion air, both indirect cooling taking 
place through the air conduit 23 and a cooling coil 24, formed as a heat ex- 
changer element, and direct cooling taking place through the air conduit 20 and 
the fluidizing air fed into the Individual stages as a result. The air heated during 
the indirect cooling is supplied through the supply conduit 25 to the combustion 
chamber 26 and optionally also through the supply conduit 27 to the annular flu- 
idized bed as fluidizing gas. In the combustion chamber 26, fuel supplied via 
the fuel conduit 42 is burned with the heated air from the cooling stages and 
possibly additional air supplied via the air supply 28. The exhaust gas of the 
combustion chamber Is passed through the gas stream conduit 29 to the central 
tube 3 and as the first gas or gas mixture Into the mixing chamber 21 . 

The product is cooled indirectly in the fluidized bed cooler 19 In one or more 
stages in counter-current to a cooling medium, for example water, flowing 
through a cooling coil 31, and directly by the fluidizing air in the individual 
stages, until the desired end temperature is reached. The cooling medium is 
passed to the cooling coil 31 via conduit 30 and subsequently removed again 
via conduit 45. 

A particular advantage of this method is that the advantages of a stationary 
fluidized bed (annular fluidized bed) and a circulating fluidized bed in a mixing 

chamber can be optimally utilized and at the same time the waste heat produced 
by the cooling of the product is supplied again to the reactor to save energy. 

Example (calcining of gypsum) 

The calcining of REA gypsum to form water-free anhydrite Is described in detail 
below on the basis of Fig. 2, which shows a plant similar to Fig. 1. Moist gyp- 
sum is introduced Into the venturi dryer 10 by means of the screw conveyor 38 
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with a volumetric flow of for example 42 t/h from a storage bunker 39 and sus- 
pended by exhaust gas from the cyclone 8, dried and supplied to a separator 
12, formed as a cyclone, via the solids conduit 11. The exhaust gas from the 
cyclone 12 is passed to a bag filter 43, where it is freed completely of solids and 
blown out by an exhaust gas blower 44 via a stack. 

The dried gypsum separated In the cycione 12 and the bag filter 43 is passed 
via solids conduits 13 to a second venturl dryer 40, heated further, separated 
from the exhaust gas in the cyclone 8 and Introduced into the fluldlzed bed 2 of 
the reactor 1 through the solids conduit 9. In the combustion chamber 26, about 
36,000 Nm% of hot gas with a temperature of about 1,130°C are generated and 
passed to the reactor 1 through the gas-stream conduit 29. The hot gas cools In 
the reactor 1 to about 750°C. At the same time, the gypsum Introduced Into the 
reactor, which has a grain size of less than 0.2 mm, Is heated to about 750°C 
and calcined to form anhydrite. The solids are transported with the exhaust 
gases of the reactor 1 into the return cyclone 5 (separator), separated there and 
largely returned through the solids return conduit 6 into the annular fluidized bed 
2 of the reactor 1 . 

The part-stream of the amount of anhydrite product, which corresponds to the 
amount of gypsum introduced into the reactor 1, is supplied through the product 
supply conduit 15 to the rising conduit 16 belonging to the cooling cyclone 17 of 
the first cooling stage 35. The anhydrite is cooled in the cooling cyclone 17 to 
about 600°C and passed through the solids conduit 18 to a first chamber of the 
fluidized bed cooler 19. The exhaust air of the cooling cyclone 17 Is passed 
through the supply conduit 41 to the venturl dryer 40. 

In the fluidized bed cooler 19, the anhydrite is cooled In stages to about 80°C. 
The amount of product is about 30 t/h. During the cooling of the anhydrite, the 
burner air (about 14,000 Nm%) supplied through the air conduit 23 is indirectly 
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heated to about 450°C in banks of heat exchangers which are formed as cooling 
coils 24 and are installed in the first two chambers of the fluidized bed cooler 19. 
This air is supplied to the combustion chamber 26 through the supply conduit 
25. As fuel, about 1 ,300 Nm% of natural gas are supplied to the combustion 
5 chamber 26 through the fuel conduit 42. In addition, further combustion air 
(about 21,000 Nm^/h) is blown into the combustion chamber through the air 
supply 28. The amount of fuel and the amount of combustion air are adjusted 
such that a hot-gas temperature of about 1,130°C and the desired reactor tem- 
perature of about 750°C are reached at the outlet of the combustion chamber 
10 26. 

The end cooling of the anhydrite takes place in the last two chambers of the flu- 
idized bed cooler 19. Cooling water is supplied through the conduit 30 to the 
banks of cooling tubes installed in two chambers as cooling coil 31 and returned 
15 through the conduit 45. The required fluidizing air is supplied to the fluidized 
bed cooler 19 through the conduit 20. 
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Claims: 

1 . A method for the heat treatment of fine-grained solids, in particular gyp- 
sum, in which the solids are heated to a temperature of 50 to 1000°C in a fluid- 
5 ized bed reactor (1 ), characterized in that a first gas or gas mixture is introduced 
from below through a preferably central gas supply tube (3) into a mixing cham- 
ber (21) of the reactor (1), the gas supply tube (3) being at least partly sur- 
rounded by a stationary annular fluidized bed (2) which is fluidized by supplying 
fluldizing gas, and in that the gas velocities of the first gas or gas mixture as well 
10 as of the fluidizing gas for the annular fluidized bed (2) are adjusted such that 
the particle Froude numbers in the gas supply tube (3) are between 1 and 100, 
in the annular fluidized bed (2) between 0.02 and 2 and in the mixing chamber 
(21) between 0.3 and 30. 

15 2. The method as claimed in claim 1, characterized In that the particle 
Froude number in the gas supply tube (3) is between 1.15 and 20. 

3. The method as claimed in claim 1 or 2, characterized in that the particle 
Froude number in the annular fluidized bed (2) is between 0.115 and 1.15. 

20 

4. The method as claimed in any of the preceding claims, characterized in 
that the particle Froude number in the mixing chamber (21) is between 0.37 and 
3.7. 

25 5. The method as claimed in any of the preceding claims, characterized in 
that the bed height of the solids in the reactor (1) is adjusted such that the annu- 
lar fluidized bed (2) extends beyond the upper orifice end of the gas supply tube 
(3), and that solids are constantly introduced into the first gas or gas mixture 
and entrained by the gas stream to the mixing chamber (21) located above the 

30 orifice region of the gas supply tube (3). 
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6. The method as claimed in any of the preceding claims, characterized in 
that fine-grained solids, for example moist gypsum, with a grain size of less than 
2 mm, in particular less than 0.2 mm, are supplied as the starting material. 

5 

7. The method as claimed in any of the preceding claims, characterized In 
that hot gas, which is generated in an upstream combustion chamber (26) by 
burning supplied fuel, possibly with the admixture of a gas containing oxygen, is 
supplied to the reactor (1) via the gas supply tube (3). 

10 

8. The method as claimed In any of the preceding claims, characterized In 
that the solids are heated in the reactor (1) to a temperature of 150 to 1000°C. 

9. The method as claimed in any of the preceding claims, characterized In 
15 that air is supplied to the reactor (1 ) as fluidizing gas. 

10. The method as claimed in any of the preceding claims, characterized in 
that the pressure In the reactor (1 } Is between 0.8 and 10 bar. 

20 11. The method as claimed in any of the preceding claims, characterized In 
that, before the heat treatment In the reactor (1), the solids are suspended, dried 
and/or pre-heated in at least one pre-heating stage (32, 33), comprising a heat 
exchanger (6, 10) and a downstream separator (8, 12). 

25 12. The method as claimed in any of the preceding claims, characterized in 
that, after the heat treatment in the reactor (1), the product from the annular fiu- 
Idlzed bed (2) of the reactor (1 ) and/or a separator (5) provided downstream of 
the reactor (1) is at least partly supplied to a cooling system (34), which com- 
prises in particular an arrangement of a number of cooling stages (35, 19) con- 

30 nected one after the other. 
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13. The method as claimed in claim 12, characterized in that the product 
forms in a cooling stage (19) at least one fluidized bed, in which it is cooled by a 
fluidizing gas, in particular air, and/or a cooling coil (24, 31), formed in the fluld- 

5 ized bed, with cooling medium, in particular water. 

14. The method as claimed in claim 12 or 13, characterized in that the gas 
heated in a cooling stage (19, 17) is supplied to an upstream cooling stage (17), 
the reactor (1), the combustion chamber (26) and/or a pre-heating stage (32). 

10 

15. A plant for the heat treatment of fine-grained solids, in particular for per- 
forming a method as claimed in any of claims 1 to 13, comprising a reactor (1) 
constituting a fluidized bed reactor for the heat treatment, characterized in that 
the reactor (1) has a gas supply system which is formed such that gas flowing 

15 through the gas supply system entrains solids from a stationary annular fluidized 
bed (2), which at least partly surrounds the gas supply system, into the mixing 
chamber (21). 

16. The plant as claimed in claim 15, characterized in that the gas supply sys- 
20 tem has a gas supply tube (3) extending upwards substantially vertically from 

the lower region of the reactor (1) into the mixing chamber (21) of the reactor 
(1), the gas supply tube (3) being surrounded by a chamber which extends at 
least partly around the gas supply tube and in which a stationary annular fluid- 
ized bed (2) is formed. 

25 

17. The plant as claimed in claim 15 or 16, characterized in that the gas 
supply tube (3) is arranged approximately centrally with reference to the cross- 
sectional area of the reactor (1). 
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18. The plant as claimed In any of claims 1 5 to 1 7, characterized in that a se- 
parator (5) Is provided downstream of the reactor (1 ), for the separation of so- 
lids, and that the separator (5) has a solids conduit (6) leading to the annular 
fluidized bed (2) of the reactor (1) and/or a solids conduit (15) leading to the 

5 cooling system (34). 

19. The plant as claimed in any of claims 15 to 18, characterized in that a so- 
lids conduit (14) leading from the annular fluidized bed (2) of the reactor (1) to 
the cooling system (34) Is provided. 

10 

20. The plant as claimed in any of claims 15 to 19, characterized in that, pro- 
vided In the annular chamber of the reactor (1) Is a gas distributor (36) which 
divides the chamber into an upper annular fluidized bed (2) and a lower gas dis- 
tributor (36), and that the gas distributor (36) Is connected to a supply conduit 

1 5 (37, 27) for fluidizing gas. 

21 . The plant as claimed in any of claims 15 to 20, characterized in that, pro- 
vided upstream of the reactor (1) is a combustion chamber (26) with supply con- 
duits (42, 28, 25) for fuel, oxygen and/or heated gas, the exhaust gas of which Is 

20 passed Into the gas supply tube (3). 

22. The plant as claimed in any of claims 15 to 21, characterized in that, pro- 
vided downstream of the reactor (1) is a cooling system (34), comprising direct 
and/or indirect cooling stages (35, 19), in particular cooling cyclones and/or 

25 fluidized bed coolers. 
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